We studied the effect of a mouse seminal vesicle autoantigen (SVA) on BSA-stimulated functions of mouse sperm. Uncapacitated, capacitated, and acrosome-reacted stages of sperm were morphologically scored, and the cellular zinc content was examined cytologically in a modified Tyrode solution at 37؇C for 80 min. More than 85% of control cells remained uncapacitated. Addition of 0.3% SVA to the cell incubation did not affect the cell status. Approximately 65% of cells were capacitated in the incubation medium containing 0.3% BSA. Only 30% of the cells became capacitated after incubation with 0.3% BSA and 0.3% SVA together. The decapacitation effect by 0.3% SVA could be subdued by more than 3% BSA in the cell incubation. Whereas BSA did, SVA did not cause removal of Zn 2؉ from sperm, but SVA could suppress the BSA effect. The tyrosine phosphorylated proteins in sperm were detected after incubation in a modified HEPES medium containing 0.3% BSA and/or 0.3% SVA at 37؇C for 90 min. Whereas BSA enhanced greatly, SVA did not cause phosphorylation of proteins in the range of M r 40 000-120 000. The BSA-stimulated protein tyrosine phosphorylation could be suppressed by SVA in the cell incubation.
INTRODUCTION
Seminal vesicle secretion (SVS) contains a group of proteins and constitutes the major portion of seminal plasma on ejaculation. Finding the structure and function of these proteins is a prerequisite to understanding their roles in seminal vesicle physiology and their effects on gamete functions. We have shown that the antiserum obtained from autoimmunization of male mice or isoimmunization of female mice with SVS is immunoreactive to an androgenstimulated glycoprotein in mouse SVS [1, 2] . This glycoprotein, which we designate tentatively as seminal vesicle autoantigen (SVA), has a core protein consisting of 131 amino acid residues. Among sexual and nonsexual organs, SVA and its RNA message appear only in the seminal vesicles [1] . However, its primary structure, which shows no significant similarity to protein sequences collected in the databank [1] , gives no clues to its function despite our demonstration that it can be complexed with Zn 2ϩ [3] . In the search of its action target, we found that SVA can bind sperm membrane phospholipids to suppress sperm motility and BSA-stimulated sperm hyperactivation [4] . These results prompted us to investigate further how SVA affects sperm functions. Here, we present data to demonstrate that SVA acts as a decapacitation factor to inhibit both zinc removal and the protein tyrosine phosphorylation associated with sperm capacitation induced by BSA.
MATERIALS AND METHODS

Materials
The BSA (free from fatty acids), chlortetracycline (CTC), and polyvinyl alcohol were purchased from Sigma Chemical Co. (St. Louis, MO). Antimouse immunoglobulin (Ig) G horseradish peroxidase (HRP) conjugate was purchased from Promega (Madison, WI). Antiphosphotyrosine monoclonal antibody (clone 4G10) was from UBI Co. (Lake Placid, NJ). The N-(6-methoxy-8-quinolyl)-p-toluene sulfonamide (TSQ) was purchased from Molecular Probes (Eugene, OR). Enhanced chemiluminescence (ECL) plus was obtained from Amersham Pharmacia Biotech (Buckinghamshire, UK). All chemicals were of reagent grade.
Preparation of Spermatozoa
Outbred CD-1 mice were purchased from Charles River Laboratories (Wilmington, MA) and were maintained and bred in the animal center at the College of Medicine, National Taiwan University. Animals were treated according to the institutional guidelines for the care and use of experimental animals. The mice were housed under controlled lighting (14L:10D) at 21-22ЊC and were provided with water and National Institutes of Health 31 laboratory mouse chow ad libitum.
Two culture media were used. One was a modified Tyrode solution, which consisted of 0.1 mM NaCl, 2.7 mM KCl, 1.8 mM CaCl 2 , 0.5 mM MgCl 2 , 0.4 mM NaH 2 PO 4 , 25 mM NaHCO 3 , 5.6 mM glucose, 0.5 mM sodium pyruvate, 25 mM sodium lactate, 1.0 mg/ml of polyvinyl alcohol, 100 IU/ml of penicillin, and 100 g/ml of streptomycin. The other was a modified HEPES medium (HM) as described by Lee and Storey [5] . The modified HM contained 0.12 mM NaCl, 2 mM KCl, 1.2 mM MgSO 4 ·7H 2 O, 0.36 mM NaH 2 PO 4 , 15 mM NaHCO 3 , 10 mM HEPES, 5.6 mM glucose, 1.1 mM sodium pyruvate, 1.7 mM CaCl 2 , 1.0 mg/ml of polyvinyl alcohol, 100 IU/ml of penicillin, and 100 g/ml of streptomycin. In accordance with a method described elsewhere [6] , the pH of the culture medium was adjusted to 7.3-7.4 by aeration with humidified air/CO 2 (19:1 v/v) in an incubator at 37ЊC for 48 h before use. Polyvinyl alcohol was added to serve as a sperm protectant [7] .
Adult male mice (age ϭ 12-16 wk) were killed by cervical dislocation. The epididymis were then removed and immersed in the culture medium in the absence of CaCl 2 . After they were carefully dissected away from the connective tissues, spermatozoa were extruded from the distal portion of the tissues at 37ЊC for 10 min. The cells were gently filtered through two layers of nylon gauze, washed in three volumes of the same medium (Ca 2ϩ -free culture medium), and collected by centrifugation at 60 ϫ g for 10 min at room temperature. The sperm were then resuspended and centrifuged similarly twice more. Cell pellets were resuspended in a culture medium for further study.
Cytological Observation
The CTC-staining method as described by Ward and Storey [8] was exploited to score the population of mouse spermatozoa in the uncapacitated, capacitated, and acrosomereacted stages as seen under a fluorescence microscope (AHBS3; Olympus, Tokyo, Japan).
Spermatozoa were stained with TSQ that can be complexed with cellular Zn 2ϩ to give characteristic fluorescence according to the method described by Andrew et al. [9] . The fluorescence intensity was detected under a fluorescence microscope.
Detection for Protein Tyrosine Phosphorylation of Spermatozoa
After incubation of spermatozoa in the modified HM under specified conditions, the soluble fraction of cell lysate was prepared according to the method described by Visconti et al. [10] . Resolution of the protein components in the soluble extract was performed on a 10% polyacrylamide gel (12.0 ϫ 10.0 ϫ 0.075 cm) according to the method described by Laemmli [11] . The proteins on the gel were transferred to a filter of nitrocellulose membrane by the electrophoretic method described by Towbin et al [12] , conducting at 30 V for 6 h at 4ЊC. The protein blots on the filter were immunodetected by Western blot analysis using a monoclonal antibody against phosphotyrosine as the primary antibody and antimouse IgG conjugated with HRP as the secondary antibody. The enzyme-staining bands were enhanced by chemiluminescence detection using an ECL kit according to the manufacturer's instructions.
RESULTS
Suppression of BSA-Induced Sperm Capacitation by SVA
To determine the effect of SVA on BSA-induced sperm capacitation, sperm (10 6 cells/ml) were suspended in modified Tyrode solution either alone or in the presence of 0.3% BSA and 0%, 0.003%, 0.03%, or 0.3% SVA. More than 85% of the freshly prepared sperm remained uncapacitated, and nearly no acrosome-reacted cells appeared after incubation at 37ЊC for 80 min. (results not shown). The population of capacitated cells increased remarkably after similar incubation in Tyrode solution in the presence of 0.3% BSA (Fig. 1A) . Approximately 65% of the BSA-treated cells were capacitated then, but acrosome-reacted cells constituted less than 5% of the total (Fig. 1A) . Addition of SVA to the incubation medium inhibited BSA-induced sperm capacitation. The decapacitation effect of SVA became detectable at a concentration greater than 0.003% in the cell incubation medium. The greater the SVA concentration in the medium, the greater its inhibition of BSAinduced capacitation (Fig. 1) . Approximately 70% of the cells remained in the uncapacitated stage after incubation with 0.3% BSA and 0.3% SVA together (Fig. 1D) , suggesting that SVA can serve as a decapacitation factor.
To determine whether increasing concentrations of BSA could overcome the inhibitory effect of SVA, sperm (10 6 cells/ml) were resuspended in modified Tyrode solution containing 0.3% SVA and 0%, 3%, 10%, or 30% BSA for 80 min (Fig. 2) . Compared with the stage of sperm incubated with SVA alone (Fig. 2A) , a remarkable change occurred when BSA was added to the cell incubation. The greater the BSA concentration, the more cells became capacitated (Fig. 2, B-D) . Almost all cells became capacitated and/or acrosome-reacted at a BSA concentration of 30%, indicating that the decapacitation effect of SVA can be overcome by an excess of BSA in the medium. (Fig. 3A) , whereas in the BSA-treated cells, almost no fluorescence was evident in the head and only very weak fluorescence over the midpiece and tail (Fig. 3,  A and B) , indicating that BSA-induced sperm capacitation was accompanied by removal of Zn 2ϩ from the cell. The pattern of TSQ-Zn 2ϩ fluorescence in the cells exposed to SVA alone or to SVA and BSA together remained virtually the same as that of the control cells (Fig. 3, A, C, and D) . Apparently, inhibition of Zn 2ϩ removal from sperm by SVA correlates with its suppression of sperm motility, as shown previously [4] . Figure 4 displays the protein tyrosine phosphorylation patterns of epididymal spermatozoa after incubation with 0.3% BSA or/and 0%-0.3% SVA in the modified HM at 37ЊC for 90 min, unless otherwise stated. In the control cells, phosphorylation was mainly restricted to a protein band with a molecular mass of approximately 120 kDa, which according to Kalab et al. [13] is the p95/106 hexokinase (Fig. 4, lane 1) . In addition, several weak phosphorylated bands appeared in a group of proteins in the range of M r 40 000-100 000. Except for the p95/106 hexokinase, no phosphorylated proteins appeared in the SVAtreated cells (Fig. 4, lanes 1 and 2) . Relative to the protein tyrosine phosphorylation of the control cells, phosphorylation of proteins in the range of M r 40 000-120 000 was greatly enhanced in the BSA-treated cells (Fig. 4, lane 3) . This was similar to the report of Visconti et al. [10] . The extent of BSA-induced protein tyrosine phosphorylation was gradually suppressed as a function of the concentration of SVA (Fig. 4, lanes 4-7) . Only the p95/106 hexokinase was phosphorylated in the cells incubated with 0.3% BSA and 0.3% SVA together (Fig. 4, lane 7) . Apparently, the protein tyrosine phosphorylation associated with BSA-induced sperm capacitation could be prevented by the presence of SVA. Reducing the decapacitation effect of SVA by an increased concentration of BSA overcame this effect and was correlated with capacitation-associated protein tyrosine phosphorylation (Fig. 4, lanes 7 and 8) .
DISCUSSION
Mammalian sperm capacitation involves multiple steps, and its molecular mechanism is far from being understood. Identifying the capacitation-associated molecular events becomes a prerequisite to unraveling this puzzle. Here, we attempted to induce sperm capacitation in vitro, during which biochemical changes in the cell were assayed. In this regard, BSA-induced sperm capacitation has been correlated with many events that include an efflux of cholesterol and phospholipid [14] [15] [16] , a redistribution of surface and intramembranes components and loss of absorbed components originating from seminal plasma [17] , an increase in Ca 2ϩ influx [18] , stimulation of protein tyrosine phosphorylation [10, 19] , removal of Zn 2ϩ from cells [9] , and the hyperactivation of cell motility that constitutes the last step of capacitation [20] . Subsequently, studying modification of the BSA-stimulated sperm functions by materials in the lumen of the reproductive tract becomes important to assess the physiological significance of the capacitation-associated molecular events studied in vitro. Relatively less progress has been made in studies of the inhibition of sperm capacitation. Results of the present work, together with those of our previous report [4] , shed some light onto how SVA plays a role in this regard. The suppression of sperm motility correlated with the inhibition of protein tyrosine phosphorylation as a result of SVA-sperm binding implicates the involvement of phosphorylated proteins in the range of M r 40 000-100 000 in the mechanism responsible for sperm motion. In addition, SVA can suppress Zn 2ϩ removal from sperm. The generation of ATP required for protein tyrosine phosphorylation might be reduced in the SVA-treated cells, because Zn 2ϩ is an uncoupler that inhibits oxidative phosphorylation of respiratory chain in mitochondria [21] [22] [23] [24] [25] . Conversely, BSA can stimulate the two molecular events inhibited by SVA, indicating that protein tyrosine kinase activity is enhanced in those sperm induced to hyperactivation by BSA. Taken together, the inhibitory effect of SVA on the two molecular events mentioned earlier may play a role in the suppression of hyperactivated motility, and this may partially account for the counteraction of SVA to the BSA effect in the suppression of sperm hyperactivation [4] .
Regarding the interaction between SVA and BSA in their effects on sperm functions, comparing the lipid-binding characteristics of SVA and BSA may provide some educated guesses. Both BSA and SVA are lipid-binding proteins, but they bind to different moieties of phospholipids. Serum albumin is well known as a carrier for the transportation of fatty acid in the blood circulation, and BSA shows hydrophobic interaction with the acyl chain of phosphatidylcholine [26] . Thus, the lipid-bilayer structure around the BSA-phospholipid binding region in the plasma membrane of sperm may be perturbed to induce the biochemical changes needed for capacitation. On the other hand, the sperm surface has SVA-binding sites that cover the entire cell surface, and SVA shows specific binding to the choline-containing phospholipids such as phosphatidylcholine and sphingomyelin of sperm membrane [4] , with both being predominantly distributed in the outer leaflet of a membrane and the phosphocholine moiety facing the cell's exterior. Therefore, BSA binding to sperm may hinder the attachment of SVA on the cell surface, reducing the effect of SVA on sperm function, and the mask of SVA on the sperm surface may protect the plasma membrane lipids from the attack of BSA to prevent its stimulation of sperm functions. Contrary to the decapacitation effect of SVA, bovine seminal plasma proteins, which are the choline phospholipid-binding proteins secreted from bovine seminal vesicle, can induce bovine sperm capacitation [27] [28] [29] . We are unable to explain this discrepancy right now.
The fertile condition of spermatozoa is not a terminal condition but, rather, a transient one [30] . Mammalian sperm display an intriguing sense of timing during their transit in the reproductive tract. They must spend a definite period of time in the female tract to undergo some modification before they acquire the ability to fertilize the egg. However, certain cellular modifications occurring far from the oviduct might cause sperm to become infertile before encountering an egg. On ejaculation, the SVA-sperm binding that occurs must prevent sperm capacitation until SVA is removed from sperm in the uterus or oviduct. This is in accord with our results on the interaction of BSA and SVA regarding capacitation in vitro. More studies are required to determine whether this work is relevant to most mammals or only to mice.
